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= Basic Transport Equations

_' Assumptions:
i *

J

• n-typesilicon _

: • steady state :

• quasi-neutrality

• low injection

• I-D

I. Hole current equation:

dE1, "
:' =

2. Hole continuity equation:

I p-p,
qd= rp

3. Hole density equation:

p=/== P,(E)ll-/(e)laE = poe=p kT
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Lateral Transistors
,T
., I

Extraction of diffusion lengt,h
E C 8

IA-"

I , _IUIIlUlIIlUlIIIIIIIIIIIIIIIIIIIIII,_i

n+

Collector current:

lo_ = qAFL(poDp)( _)_ p

If WB_:_ Lp i

2 (wB,)
Io,, = qAFL(poDv)(-_v) exp - _

Then
lo___= exp- (WBi- WBI)
I_l Lp ,'-

i

i
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Vertical Transistors

Mez.surement of podi,
C B "_

Collector current:

D "1 . I *:

If Wa _ Li,
1

J.--poD,_

IfWB _ Lp
2 wB

J_ _ poDpv-e:'p
Lp
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J. (A/_m')
Autho_ N,(_-_) l=;(#_) me_u_edI calculated -!

Kwark-and Swanson 3.3 x 10 t9 1.0 8.3 x 10 -13 1.1 X 1O-[:

Kwark _nd Swanson 4.6 x l0 _9 0.66 l.l x I0 -12 1.5 x l0 -1=

Ning and Isaac ]:.2 x 1020 0.20 2.8 x 10 -1_ 2.8 x 10-12
Patton and Plummer 2.1 x I0 lg 0.20 3.2 x 10-12 3.6 x 10-12

Patton and Plummer 4.4 x 10_9 0.23 2.6 x I0 -12 2.6 x I0 -_z

Conclusic n._

I. There are only two independent parameters that
control minority carrier _,ransport and recombi-

nation in heavily doped silicon: poDp and Lp.

2. These parameters have been measured in heavily
phosphorus doped silicon.

3. With the use of these measured parameters, ac-
curate prediction of the emitter saturation cur-
rent of bipolar transistors has been demonstrated.
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